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Summary
When an animal is reminded of a prior experience and
shortly afterward treated with a protein synthesis inhibitor,
the consolidated memory for the experience can be disrup-
ted; by contrast, protein synthesis inhibition without prior
reminding commonly does not disrupt long-term memory
[1–3]. Such results imply that the reminding triggers recon-
solidation of thememory. Here, we askedwhether the behav-
ioral and synaptic changes associated with the memory for
long-term sensitization (LTS) of the siphon-withdrawal reflex
in the marine snail Aplysia californica [4, 5] could undergo
reconsolidation. In support of this idea, we found that
when sensitized animals were given abbreviated reminder
sensitization training 48–96 hr after the original sensitization
training, followed by treatment with the protein synthesis
inhibitor anisomycin, LTS was disrupted. We also found
that long-term (R24 hr) facilitation (LTF) [6], which can be
induced in the monosynaptic connection between Aplysia
sensory and motor neurons in dissociated cell culture by
multiple spaced pulses of the endogenous facilitatory trans-
mitter serotonin (5-HT) [7, 8], could be eliminated by treating
the synapses with one reminder pulse of 5-HT, followed by
anisomycin, at 48 hr after the original training. Our results
provide a simple model system for understanding the
synaptic basis of reconsolidation.Results and Discussion
Substantial evidence indicates that when an animal is given
a reminder of a distant learned experience, the memory for
the experience undergoes a process of reconsolidation [1–3,
9–12]. Support for this idea comes, in part, from the finding
that treatment with a protein synthesis inhibitor immediately
following a reminder stimulus can produce amnesia for a
consolidated memory [2, 3, 13]. The explanation commonly
given for this result is that recall of an old memory triggers re-
consolidation of the memory and this reconsolidation, like the
original memory consolidation, requires the synthesis of new
proteins [14]. Several important insights into the cellular and
molecular basis of memory reconsolidation have been made
in last decade [15–18]. However, despite its significance for
an understanding of how memories are retrieved, as well
as its potential for clinical treatments for memory-related5These authors contributed equally to this work
*Correspondence: dglanzman@physci.ucla.edudisorders such as posttraumatic stress disorder [12], our
knowledge regarding the biology of memory reconsolidation
remains limited. In particular, a mechanistic understanding of
this phenomenon has been impeded by the lack of a robust
model of synaptic reconsolidation, one that is both amenable
to rigorous cellular andmolecular analyses, and that unambig-
uously mediates reconsolidation of a specific form of behav-
ioral memory.
Toward the development of such a synaptic model we have
investigated reconsolidation of long-term sensitization (LTS)
of the siphon-withdrawal reflex (SWR) in the marine snail
Aplysia californica [4]. LTS of the SWR is produced by spaced
training with electrical shocks delivered to the animal’s tail.
A crucial consideration in the present study was the choice
of the reminder stimulus for triggering reconsolidation of the
memory for sensitization. Reconsolidation studies have com-
monly involved associative learning paradigms (but see [19]).
In studies of reconsolidation of classically conditioned memo-
ries, for example, the conditioned stimulus (CS) is typically
used to reactivate the memory induced by the training [1, 3,
9, 12]. This is appropriate because exposure to the CS is a
critical component of the learned experience, which causes
formation of an association between the CS and the uncondi-
tioned stimulus (US). By contrast, sensitization training con-
sists of exposure to a single stimulus, characteristically one
that is aversive or arousing to an organism. The consequence
of sensitization training is not a learned response to a specific
stimulus, as in classical conditioning but, rather, a general,
state-like behavioral change [20]. Therefore, the most effica-
cious stimulus for reactivating the memory of the state
induced by sensitization training is reapplication of the sensi-
tizing stimulus itself. Accordingly, a truncated version of the
original training was used to attempt to induce reconsolidation
of the memory for the repeated bouts of tail shock.
Our behavioral experimentsmade use of testing and training
methods previously developed in our laboratory [21, 22]. Prior
to training, the duration of the SWR in response to light touch
of the siphon wasmeasured in a series of pretests. Then some
animals received sensitization training, which consisted of five
spaced bouts of electrical shocks to the tail (Figure 1A). The
SWR was retested at 96 hr and 120 hr after the training (or at
the equivalent times in the untrained control animals). Immedi-
ately after the 96 hr posttest, one group (Trained-Reminder-
Aniso, n = 8) received a reminder stimulus, which was a single
bout of tail shocks. Tenmin later, this groupwas given an intra-
hemocoel injection of the protein synthesis inhibitor anisomy-
cin (injection solution = 8 mM anisomycin in artificial seawater,
500 ml per 100 g animal body weight). Such an injection of ani-
somycin can block the induction of LTS when delivered prior
to sensitization training [21]. A second group of animals
(Trained-Aniso, n = 8) received the full sensitization training
and anisomycin injection at the same times as the Trained-
Reminder-Aniso group but did not receive the reminder tail
shocks. A third group (Control-Veh, n = 6) was not trained
and was given an injection of the vehicle solution at the time
the other groups received the anisomycin injection. Sensitiza-
tion was robust in both Trained-Aniso and Trained-Reminder-
Aniso groups compared with the Control-Veh group at 96 hr
Figure 1. Anisomycin Treatment Disrupts LTS after Reminder Training
(A) Experimental protocols. The timing of the pretest, training, posttests,
and drug or vehicle injections is shown relative to the end of the last training
session. The time of the intrahemocoel injection of either the drug or vehicle
is indicated by the red arrow. Animals in the Trained-Reminder-Aniso group
received an additional, abbreviated episode of sensitization training (one
bout of tail shocks) immediately after the 96 hr posttest (black bar, 10 min
prior to the injection of anisomycin), whereas the animals in the Trained-
Aniso group did not.
(B) Effect of anisomycin treatment immediately after reminder training at
96 hr after the original sensitization training. The two-way ANOVA indicated
that the differences among the experimental groups were significant
(F[2,19] = 79.09, p < 0.0001). There was also a significant interaction between
experimental treatment and time (F[2,19] = 86.13, p < 0.0001). For the 96 hr
posttest, Bonferroni posttests indicated that the training produced signifi-
cant sensitization in both trained groups (Trained-Reminder-Aniso
response = 33.36 3.8 s, and Trained-Aniso groups = 36.46 3.9 s) compared
with Control-Veh group (1.06 0 s, p < 0.001 for both tests). Comparisons of
the two trained groups on the individual posttests showed that their
responses did not differ significantly on the 96 hr posttest (p > 0.5).
However, the responses of the two groups differed significantly on the
120 hr posttest (Trained-Aniso SWR= 36.36 1.8 s, Trained-Reminder-Aniso
SWR = 1.5 6 0.3 s; p < 0.001), indicating that the reminder training plus
anisomycin injection after the 96 hr posttest degraded the memory for
LTS, whereas the anisomycin injection without the reminder training did
not. Data in this figure and in Figure 2 are the mean duration, in seconds,
of the SWR. Error bars in this and subsequent figures represent 6 SEM.
Asterisks indicate significance of the comparison between Trained-Aniso
and Trained-Reminder-Aniso groups. Here and in subsequent figures, one
symbol represents p < 0.05; two symbols represent p < 0.01; and three
symbols represent p < 0.001.
Figure 2. LTS Can BeReinstated Following Disruption ofMemory Reconso-
lidation
(A) Experimental protocols, as in Figure 1. Anisomycin was injected into
animals at 48 hr after sensitization training. At 72 hr posttraining, animals
in the Trained-Reminder-Aniso-Retrained group received full sensitization
retraining (five bouts of electrical tail shocks).
(B) Sensitization retraining produced LTS in animals after disruption of
memory reconsolidation. The two-way ANOVA indicated that the differ-
ences among the experimental groups were significant (F[2,24] = 34.98,
p < 0.0001). There was also a significant interaction between experimental
treatment and time (F[3,24] = 28.48, p < 0.0001). Bonferroni posttests per-
formed on the 48 hr data indicated that the initial sensitization training
produced significant LTS in both the Trained-Aniso group (31.2 6 5.1 s)
and the Trained-Reminder-Aniso-Retrained group (35.3 6 5.6 s) compared
with Control-Veh group (1.06 0 s) (p < 0.001 for each test). The responses of
the trained groups did not differ significantly at 48 hr after sensitization
training (p > 0.5). However, as in the first experiment, sensitization memory
was significantly disrupted by reminder training followed by anisomycin
treatment. The mean duration of the SWR in the Trained-Aniso group at
72 hr was 31.2 6 6.4 s, whereas it was 1.9 6 0.4 s in the Trained-
Reminder-Aniso-Retrained group (p < 0.001). Retraining after the 72 hr
posttest reinstated the LTS. The mean duration of the SWR in the
Trained-Reminder-Aniso-Retrained group at 96 hr was 42.8 6 5.1 s, which
was significantly greater than that for the Trained-Aniso group (26.1 6 3.0)
at 96 hr (p < 0.05). Asterisks indicate significance of the comparison
between Trained-Aniso and Trained-Reminder-Aniso-Retrained groups.
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hibited sensitization during the 120 hr posttest but the
Trained-Reminder-Aniso group did not.
In a second experiment, we investigated whether LTS could
be reinstated after its apparent disruption by reminding and
anisomycin. Once more there were three groups: one that
received sensitization training and an injection of anisomycin
48 hr after training (Trained-Aniso group, n = 9), an untrained
control group that received an injection of the vehicle solution
at the same time in the experiment as the trained groups
received the injection of the protein synthesis inhibitor
(Control-Veh group, n = 8), and a third group that was trained,
given the reminder stimulus followed by anisomycin injection
48 hr later, and then retrained at 72 hr (Trained-Reminder-
Aniso-Retrained group, n = 10) (Figure 2A). The sensitization
retraining was identical to the initial sensitization training;
specifically, retraining comprised five bouts of tail shocks.
There was significant sensitization in Trained-Aniso andTrained-Reminder-Aniso-Retrained groups compared with
the Control-Veh group at 48 hr posttraining (Figure 2B). The
Trained-Aniso group also exhibited sensitization during
the 72 hr and 96 hr posttests. Sensitization was absent in the
Trained-Reminder-Aniso-Retrained group during the 72 hr
posttest but was present during the 96 hr posttest. In-
terestingly, the mean duration of the SWR in the Trained-
Reminder-Aniso-Retrained group at 96 hr was significantly
greater than that for the Trained-Aniso group. These results
show that the memory for LTS can be reestablished by re-
training following its apparent elimination by reminding and
anisomycin treatment; the results thereby establish that the
disruption of the memory was not caused by impairment of
the health of the animals and that the mechanisms for learning
remain robust in these animals following disruption of memory
reconsolidation. Moreover, the enhanced sensitization that re-
sulted from retraining following disruption of reconsolidation
of LTS by protein synthesis inhibition may reflect the contribu-
tion of occult long-term memory mechanisms that persisted
despite the apparent absence of LTS in the Trained-
Reminder-Aniso-Retrained group at 72 hr. If this speculation
is correct, then the effect of the reminder plus anisomycin is
not to erase the memory for LTS—at least not completely—
but to somehow block its expression.
Figure 3. Long-Term Synaptic Memory in Aplysia also Exhibits Reconsoli-
dation
(A) Experimental protocol for the demonstration of reconsolidation of LTF.
Trained cocultures received two rounds of 5-HT treatment at 30 min inter-
vals; each round consisted of five spaced, 5 min pulses of 5-HT (100 mM;
5X5-HT training). Cocultures in the 5-HT-Aniso and 5-HT-Reminder-Aniso
groups were also treated with anisomycin (10 mM, red bar) for 2 hr at 48 hr
after the two rounds of 5X5-HT training. One 5 min pulse of 5-HT (100 mM;
reminder stimulus, vertical black bar) was given to cocultures in the 5-HT-
Reminder-Aniso group immediately prior to the protein synthesis inhibitor
or at the equivalent time in the Reminder group.
(B) Sample EPSPs. Each pair of traces shows EPSPs recorded from the
same synapse on pretest and posttest. Scale bars represent 10 mV and
80 ms.
(C) Data from synaptic reconsolidation experiments. The mean normalized
EPSP at 72 hr in the 5-HT-Aniso group (336.8% 6 95.9%) was significantly
greater than that for the Control group (128.6% 6 31.5%). By comparison,
the mean normalized EPSP in the 5-HT-Reminder-Aniso group (156.7% 6
28.9%) was significantly lower than that in the 5-HT-Aniso group. Moreover,
there was no significant difference between the EPSPs in the 5-HT-
Reminder-Aniso and the Control groups. Finally, there was no difference
between the Control and Reminder (102.1%6 15.0%) groups. Asterisk indi-
cates significance of the comparison between the 5-HT-Aniso and Control
groups; plus sign indicates significance of the comparison between the
5-HT-Aniso and 5-HT-Reminder-Aniso groups.
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a synapticmodel ofmemory reconsolidation is that this formof
nonassociative learning is known to be mediated, in part, by
long-term facilitation (LTF) of the monosynaptic connection
between the sensory and motor neurons that mediate the
SWR [5]. It is further known that tail shock induces the release
of 5-HT within the CNS of Aplysia [23], and that 5-HT is critical
for tail shock-induced facilitation of the sensorimotor synapse
[8]. Finally, as first shown by Montarolo et al. [6], LTF can be
induced in the sensorimotor synapse reconstituted in dissoci-
ated cell culture through repeated applications of 5-HT.
Accordingly, to attempt to trigger reactivation of the ‘‘memory’’
for synaptic facilitation in sensorimotor cocultures, we used
a single, brief application of 5-HT.
LTF that persisted forR72 hr was induced through amodifi-
cation of the original training protocol of Montarolo et al. [6],
which was five 5 min pulses of 5-HT spaced 20 min apart
(5X5-HT protocol). Here, two rounds of 5X5-HT training, sepa-
rated by 30 min, were used (Figure 3A). Two groups of cocul-
tures, 5-HT-Aniso (n = 8) and 5-HT-Reminder-Aniso groups
(n = 10), received the two rounds of 5-HT training, as well asa pretest 1 hr prior to training and a posttest 72 hr after training;
two other groups, the Control (n = 9) and Reminder groups
(n = 6), were given the pre- and posttests without any 5-HT
training. The reminder stimulus was a single 5 min pulse of
serotonin (5-HT), which produces only short-term facilitation
[6]; the single 5-HT pulse was delivered at 48 hr after the orig-
inal LTF training (two rounds of 5X5-HT) to 5-HT-Reminder-
Aniso cocultures. The Reminder group also received a single
pulse of 5-HT at 48 hr but was not given the two rounds
of 5-HT training. Both groups of cocultures trained with 5-HT
(the Trained-Aniso and Trained-Reminder-Aniso groups) were
treatedwith anisomycin for 2 hr at 48 hr after the training; in the
case of the 5-HT-Reminder-Aniso group, the protein synthesis
inhibitor was applied immediately following the reminder stim-
ulus. The anisomycin was rapidly washed out with culture
medium after 2 hr.
A one-way ANOVA performed on the 72 hr data revealed that
the differences among the four groups were significant
(F[3,29] = 3.8, p = 0.02) (Figure 3B). In the absence of a preceding
reminder stimulus, the anisomycin treatment did not disrupt
LTF, as indicated by a post hoc comparison between the
mean normalized excitatory postsynaptic potentials (EPSPs)
in the Control and the 5-HT-Aniso groups at 72 hr; by contrast,
when the anisomycin treatment was preceded by a 5 min
reminder pulse of 5-HT, the LTF was eliminated as revealed
by the post hoc comparison between the mean normalized
EPSPs for the 5-HT-Reminder-Aniso and the 5-HT-Aniso
groups. That the reminder stimulus alone did not have a
long-term synaptic effect is shown by the comparison
between the normalized EPSPs for the Control and Reminder
groups. Thus, LTF, which mediates LTS [5], can express re-
consolidation that parallels the reconsolidation of the memory
for LTS itself.
The present results, together with those from a previous
study of long-term habituation in C. elegans [19], demonstrate
that the phenomenon of memory reconsolidation is not con-
fined to associative memories; nonassociative memories
also exhibit this phenomenon. This fact, in turn, supports the
idea that the relabilization of a consolidated memory following
exposure to a stimulus that reactivates the memory is a funda-
mental feature of memory systems. The demonstrations of
memory reconsolidation of nonassociative memory also pro-
vide simpler systems for understanding the basic principles
of memory reconsolidation.
The choice of reminder stimuli in the present study might be
questioned. In particular, it might be supposed that the test
stimuli—weak tactile stimulation of the siphon in the case of
the behavioral experiments—would be more appropriate for
triggeringmemory recall than truncated versions of the original
sensitization or facilitation training. However, our results
strongly argue against this idea. Notice that all of the trained
animals in the behavioral experiments were given a tactile
stimulus to the siphon (a posttest) shortly before the injection
of anisomycin was made (Figures 1 and 2). But the injection of
the protein synthesis inhibitor disrupted LTS only in the groups
that received the truncated sensitization training (the Trained-
Reminder-Aniso group in Figure 1 and the Trained-Reminder-
Aniso-Retrained group in Figure 2) in addition to the posttest.
These results indicate that the test stimulus was unable to
trigger reconsolidation of the memory for LTS and support
our use of truncated sensitization training (a single bout of
tail shocks) as the reminder stimulus.
LTF, the form of in vitro, long-term synaptic plasticity
studied here can be followed over the course of several days
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in vitro synaptic phenomena reminiscent of memory recon-
solidation have been reported previously [24, 25], ours is the
first demonstration of in vitro reconsolidation of a form of
synaptic plasticity that unambiguously mediates a specific
form of learning and that parallels reconsolidation of a specific
behavioral memory. For this reason, mechanistic discoveries
regarding reconsolidation of LTF can be extrapolated to
behavioral reconsolidation in Aplysia with a high degree
of confidence. Furthermore, given the extensive knowledge
regarding the underlying cellular and molecular biology of
LTS in Aplysia [26–28], together with the relative simplicity
of the neural circuits involved in this nonassociative form of
memory [29], an understanding of the synaptic mechanisms
that underlie reconsolidation of the memory for LTS should
bemore readily achievable than for those forms of mammalian
learning in which memory reconsolidation has been studied
[1, 3, 30–33]; such forms of learning are mediated by highly
complex neural circuits.
Recent evidence from mechanistic studies of reconsolida-
tion in both vertebrates and invertebrates points to endo-
cytosis of a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid-type glutamate receptors (AMPARs) as playing a key
role in memory reconsolidation [18, 19]. This mechanism may
well play a role in reconsolidation of LTS; functional upregula-
tion of AMPA-type receptors mediates persistent facilitation in
Aplysia [34–38], and a reminder stimulus may trigger the endo-
cytosis of AMPA-type receptors at postsynaptic sites of facil-
itation. In addition to postsynaptic alterations, presynaptic
alterations may also underlie memory reconsolidation in
Aplysia. For example, both LTS and LTF are believed to be
due, in part, to an increase in the number of varicosities on
the terminals of sensory neurons [39–41]; possibly, disruption
of reconsolidation would reverse this learning-induced, long-
term morphological change. Finally, we have recently shown
that inhibition of protein kinase M (PKM) Apl III, the PKM frag-
ment of the atypical protein kinase C (PKC) in Aplysia [42],
disrupts both established LTS and LTF [21]. The disruptive
effect of inhibiting PKM Apl III on the maintenance of long-
term memory in Aplysia resembles that caused in mammals
by inhibiting PKMz, the proteolytic fragment of mammalian
atypical PKCz [43]. The striking parallel between the conse-
quences of inhibiting PKM Apl III and those of disrupting
memory reconsolidation raises the intriguing question of
whether PKM Apl III plays a critical role in memory reconsoli-
dation in Aplysia.
Conclusion
In this study, we demonstrated that LTS in Aplysia exhibits
memory reconsolidation. Furthermore, together with our pre-
vious study [21], we have shown that LTF of the in vitro Aplysia
sensorimotor synapse can undergo both reconsolidation and
erasure. The ability to study memory reconsolidation and
memory erasure at the same in vitro synapse should greatly
facilitate a mechanistic understanding of these two prominent
memory phenomena.
Experimental Procedures
Behavioral Experiments
Adult Aplysia californica (80–120 g) were obtained from a local supplier
(Alacrity Marine Biological, Redondo Beach, CA, USA). Animals were
housed in a 50 gal aquarium filled with cooled (12C–14C), aerated
seawater (Catalina Water Company, Long Beach, CA). The behavioral
training and testing methods were similar to those previously described.When not stimulated, the siphon normally protrudes above the edges of
the parapodia (the resting position); tactile stimulation causes it to retract
underneath the parapodia. The SWR was tested as follows: A siphon in
the resting position was lightly stimulated by hand with a soft, flexible probe
(a broom bristle), and the duration of the ensuing SWRwas timed. Timing of
the SWR began once the siphon had retracted completely within the para-
podia and ended the moment the siphon became visible again. If the siphon
did not withdraw completely inside the parapodia in response to the stim-
ulus, the SWR was given a score of 1.0 s. Three pretests were performed
at once per 10 min, beginning 25 min before the start of training. Sensitiza-
tion training consisted of five bouts of electrical shocks delivered to the tail
at 20 min intervals. During each bout, the animal received three trains of
shocks spaced 2 s apart. Each train was 1 s in duration; the shocks
(10 ms pulse duration, 40 Hz, 120 V) were delivered via a Grass stimulator
(S88, Astro-Med, West Warwick, RI) connected to platinumwires implanted
in the tail. After training, the animals were given posttests as indicated in the
figures.
Anisomycin was first dissolved in dimethyl sulfoxide (DMSO) to a concen-
tration of 40mM and then diluted in artificial seawater (ASW) to a concentra-
tion of 8 mM (20% DMSO). We injected 500 ml per 100 g of body weight of
this anisomycin-containing solution into the animals. Injections of the
same amount of vehicle solution (DMSO in ASW) were made in Control ex-
periments. The final concentration of DMSO in the hemocoel was w0.1%.
The specific times at which the intrahemocoel injections were made are
indicated in the relevant figures.
Cell Cultures
The synaptic experiments used sensorimotor cocultures, each consisting of
one pleural sensory neuron and one small siphon (LFS-type) motor neuron.
Adult abdominal ganglia and pleural ganglia were excised from 60–100 g
Aplysia and then bathed in protease (10 mg/ml Dispase II [Roche Applied
Science, Indianapolis, IN, USA] in Leibowitz-15 [L-15, Sigma, St Louis,
MO, USA]) for 2 hr before desheathing. Following desheathing, sensory
and motor neurons were individually dissociated from ganglia and paired
in cell culture. The culture medium contained 50% Aplysia hemolymph
and 50% L-15. The cultures were maintained at 18C for 3–4 days before
the start of the experiments to allow them to form robust monosynaptic
connections. The mean size of the sensorimotor EPSPs evoked on the
Day 1 pretest in the cocultures included in the study was 22.3 6 2.3 mV.
One-way ANOVAs (see below) performed on the pretest EPSPs for the
synaptic experiments indicated that the group differences were not signifi-
cant (p > 0.7).
Electrophysiology
The electrophysiological methods have been previously described [44, 45].
Synaptic strength was determined on day 1 by eliciting a single EPSP in the
motor neuron using intracellular activation of the sensory neuron (pretest).
After this initial synaptic assessment, the microelectrodes were removed
from the neurons and some of the cocultures were given 5-HT training.
5-HT was prepared fresh daily as a 10 mM stock solution in ASW and
then diluted to the final concentration of 100 mM in the perfusion medium
immediately before the first application. To induce LTF lasting >48 hr, we
gave cocultures two rounds of 5-HT training spaced 30 min apart. Each
round consisted of five 5 min pulses of 5-HT, with a 20 min interval between
pulses. After each 5min pulse, the 5-HT was rapidly washed out with normal
perfusion medium for 15 min. The Control cocultures were treated with the
perfusion solution alone. Following 5-HT or control treatment, the perfusion
medium was replaced with culture medium and the cocultures were re-
turned to the 18C incubator. Furthermore, the 5-HT-containing perfusion
medium was washed out with culture medium in the cocultures that
received the 5 min reminder pulse of 5-HT. We reimpaled the neurons
with microelectrodes 72 hr later, and the synaptic strength was reassessed
(posttest).
A stock solution of 40 mM anisomycin was prepared as in the behavioral
experiments. In the experiments involving protein synthesis inhibition, the
stock solution of anisomycin was added to the cocultures at 48 hr after
the 5-HT treatment for a period of 2 hr. The final concentration of anisomycin
in the cell culture medium was 10 mM. Following the 2 hr treatment, the
anisomycin was rapidly washed out with culture medium and the cocultures
were returned to the incubator.
Statistical Analyses
All statistical tests were performed using Prism 4.0 for Macintosh (Graph-
pad, El Camino Real, CA). The data from the behavioral experiments are
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pretests for all groups, as well as the posttests for the Control-Veh group,
yielded almost entirely uniform response scores of 1.0 s (see the Behavioral
Experiments section). This lack of variability in some of the response data
precluded the use of one-way repeated-measures ANOVAs for analyzing
the behavioral data. Accordingly, a two-way ANOVA, with treatment as
one factor and time as the other, was performed on the overall data for
each behavioral experiment. If the two-way ANOVA indicated a significant
interaction, Bonferroni posttests were performed for pairwise comparisons
at each of the time points. For the synaptic experiments, the peak amplitude
of the posttest EPSP was normalized to the amplitude of the pretest EPSP
for the same coculture. The normalized data were expressed as means 6
SEM. One-way ANOVAs were performed on the overall group data, and
these were followed by Student-Newman-Keuls post hoc tests for pairwise
comparisons. All reported levels of significance represent two-tailed values.
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